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Among  protozoan  parasites  coccidia  have  received  considerable  attention 
because the asexual and sexual cycles are readily available for study.  They have 
served to demonstrate the remarkably complex life cycle of certain groups of pro- 
tozoa.  They also possess a  certain practical importance since they may produce 
diseases, at times of epizootic proportions, among domestic animals.  Coccidiosis 
as a  disease in cattle was first brought forward in  1892  by Zschokke  1 and Hess  ~ 
who observed it in Switzerland.  The name rothe Ruhr was suggested by the dis- 
charges of blood in the  feces.  Before this Zfirn  3 in  1878  had reported coccidia 
in the intestines and mesenteric glands of a calf which died as a result of a severe 
enteritis.  Since  1892  coccidia have  been  found in  cattle by various observers, 
especially in tropical and subtropical countries and to a slight extent in temperate 
climates (Denmark,  Russia,  France, Italy, and  Germany).  So far as it is pos- 
sible to consult the original literature, no studies of the cases found were made 
beyond the microscopic examination of the feces except by Ziiblin  4 who under- 
took a fresh investigation of certain cases of rothe Ruhr in Switzerland in 1906 and 
whose work is referred to farther on. 
In the United States up to 1911 the presence of coccidiosis had not been noted. 
In a general article on the subject Crawley  5 writes as follows: 
i Zschokke, E., Beobachtungen fiber die rothe Ruhr, Schweiz. Arch.  Tierheilk., 
1892,  xxxiv, 1, 49. 
Hess, E., Die rothe Ruhr des Rindes.  (Dysenteria h~emorrhagica coccidiosa.), 
Schweiz. Arch.  Tierheilk.,  1892,  xxxiv, 105. 
3 Zfirn, F. A., Vortriige fiir Thieriirzte, 1878,  i, No. 2. 
4Zfiblin,  E.,  Beitrag zur  Kenntnis  der  roten  Ruhr  des  Rindes  (Dysenteria 
coccidiosa bovis), Inaugural dissertation, Zurich,  1908. 
5 Crawley, H.,  Twenty-Seventh Ann. Rep. of Bureau of Animal Industry, U. S. 
Dept. Agric.,  1910,  488. 
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"Coccidium zi~rni.--This coccidian is considered to be the cause of red diarrhea  of 
cattle.  The disease has been noted in Europe, where outbreaks of a similar character 
have also occurred among sheep.  The lethality, however, for cattle seems to be rather 
low, varying from 2 to 4 per cent.  As it is the intestinal cells which are attacked by 
the parasite, the mucosa of the intestine becomes stripped off in  places, resulting in 
extensive hemorrhage into the lumen, which causes the  red  diarrhea.  In fatal cases, 
death results within 2 days.  Most  of the recorded cases have occurred  in Switzerland, in 
summer and  autumn.  Dampness favors the disease, probably for the reason that in 
dry weather the encysted infective stages of the parasite become desiccated, and  thus 
many are killed." 
In September,  1915, Schultz 6 stated that coccidiosis existed among cattle  in 
the Northwest of the  United  States without,  however,  supplying  any detailed 
data. 
Dr.  Schultz kindly sent some slides of what appeared to be washed 
feces  to  us  recently.  A  careful examination by two observers  inde- 
pendently resulted in the finding of a  few undoubted oocysts.  These 
would  demonstrate  the  existence  of  the  parasite  in  the  Northwest. 
In other  slides  in  which  schizonts and  merozoites were  supposed  to 
be  present  only  desquamated epithelium  was  found.  The  char- 
acter  and intensity of  the  western  disease  needs,  therefore,  further 
elucidation. 
In the prosecution of certain researches upon the diseases of calves 
in  New  Jersey, coccidiosis  was  encountered  unexpectedly  in  asso- 
ciation with other infectious dfseases.  Though the material available 
for study was not extensive, it became evident that coccidiosis might 
by itself prove fatal to calves, and the subject was deemed of sufficient 
importance,  therefore,  to  be  discussed  independently  of  other  asso- 
ciated calf diseases. 
General Characters of the Disease. 
Epidemiology.--The  first  case  containing coccidia  was  autopsied 
April 14,  1917.  Other cases followed during the spring and summer. 
A few coccidia were found in a calf as late as December 2.  The sever- 
eat,  fatal  cases occurred in  summer.  The invasion probably begins 
soon after birth  and  continues  over a  period of 6  to  8  weeks  at  the 
8 Schultz,  C.  H.,  Observations  among  dairy  cattle,  read  at  the  Annual 
Convention  of  the  Washington  State  Dairymen's  Association,  Snohomish, 
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longest, unless death occurs in the meantime from this or other affec- 
tions.  Blood in the stools, being the characteristic sign which prob- 
ably  appears  when  the  first  crop  of  oocysts  is  being  discharged, 
occurred anywhere from 3 to 6 weeks after birth.  The fact that the 
affected calves were not under our immediate care makes any state- 
ment bearing on the clinical course subject to corrections.  In several 
severe cases blood in the feces was not reported. 
Evidence of active multiplication of coccidia in cattle older  than 
3 months is not at hand.  The disease appears to exert itself chiefly 
upon  the  very young, the  older  animals  having  acquired a  certain 
resistance. 
Infectiousness does not seem  to be  very great.  The calves were 
kept together in lots of six or less in small indoor enclosures and were 
allowed to run together  in small yards.  Assuming that  the  oocysts 
passed  in  the  feces  become  infectious within  a  few  days  in  warm 
weather, there was a striking difference in the susceptibility of different 
calves  of the  same  lot.  The  presence  of pneumonia  or  interstitial 
nephritis did not seem to affect the susceptibility in one direction or 
the other. 
Symptoms.--The clinical examination of the calves was not carried 
out in any systematic way because they were not at any time during 
life on the Institute ground's.  It will be  noticed by consulting the 
protocols that certain animals were affected with pneumonia and with 
a  sclerosis  of the kidney which complicated a  study of those mani- 
festations due directly and exclusively to the coccidiosis.  The dis- 
charge of blood in the feces was the only characteristic sign.  In nearly 
all these cases the oocysts were found in the masses of blood (Fig. 1). 
The few observations made during the life of the  calves  are  noted 
under each case. 
Inasmuch as Ziiblin had under observation cases at first uncompli- 
cated with other infections, his clinical notes are of value to us.  He 
does not mention young calves as subject to this disease.  "His cases 
were chiefly pastured animals and in one herd of ten head of  cattle, 
all of which were affected, the ages ranged from ½ to 2 years. 
According to Ztiblin, the first sign of disease is the passage of blood clots, about 
10 to 15 cc., in normal feces by clinically  normal animals.  1 or 2 days later blood 
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or it may grow worse.  Usually the older animals recover promptly.  In younger 
animals the  quantity of blood passed may increase up  to  a  man's fist in  size. 
The  tenesmus  becomes  more  intense  and  the  feces  tend  to  become  thin,  foul 
smelling, the  temperature  rises,  respirations are increased in  number,  and  the 
appetite is abnormal.  From the 5th to the 8th day the admixture of blood in the 
feces is replaced by mucus and masses suggesting croupous inflammation of the 
large intestine.  The feces are watery and putrefactive.  All other symptoms are 
accentuated and fever is present.  With the loss of blood and refusal of food the 
animal becomes very weak and death occurs often as early as the 7th day.  The 
mortality in Ztiblin's cases was 5 per cent. 
The symptoms in his cases point to  septic infection as the probable cause of 
death.  It is obvious that the mortality rate in this disease will depend largely 
upon  the presence of septic organisms in  the  herd and  their relative degree of 
virulence, for the coccidia themselves do not  cause inflammatory reactions but 
simply open the way for bacterial infection. 
Diagnosis.--The  feces were examined directly when blood or  mucus 
or both were accessible, by placing a  particle of the suspected material 
on  a  slide  with  or  without  a  drop  of  salt  solution  and  examining 
under  a  cover-glass  with  low  and  high  powers.  The  oocysts  are 
sufficiently characteristic  to  be  identified under  high  dry  objectives, 
and  they are often recognizable under a  low power.  Drying and stain- 
ing  should  not  be  resorted  to. 
When  the  feces  are  free  from  blood  and  coccidia are  not  detected 
directly, the  following method  for concentrating  the  feces which  is  a 
simplified modification of Hall's method 7 and  which  was  used  in  our 
examinations  will be  found  useful: 
A mass of feces is thoroughly shaken in a  closed Mason jar partly filled with 
water, until well broken up.  Then the jar is completely filled with water and the 
feces are permitted to settle.  The water is poured off and the jar again filled with 
water.  The  sedimentation,  decantation,  and  washing  are  continued  until  the 
water is nearly clear.  In this way the particles lighter than water are removed. 
The sedimented feces are next mixed in a  jar with about enough water to fill a 
cylinder in which they are to be sedimented and are poured through a tea-strainer 
held over the  cylinder.  By  stirring the  portion of the  feces held back  in  the 
strainer and by dipping the bottom of the strainer up and down in the water after 
it nearly reaches the top of the cylinder, oocysts that have been held back are 
permitted to pass through.  After the feces have settled to the bottom, a sample 
7 Hall, M. C,, A comparative study of methods of examining feces for evidences 
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is taken with a pipette of wide caliber, mounted, and examined.  By ~his method 
a few oocysts were brought to light in normal stools from calves apparently in 
good health. 
After death  the gross  appearance  of the  large intestine does  not 
offer any characteristic features for the recognition of the invasion. 
Two indications might be  looked for:  a change in the appearance  of 
the mucosa due to the mechanical presence of large numbers of coccidia, 
and  changes  due  to  pathological alterations  of  the  invaded  tissue. 
As regards the first clue nothing is deducible from our observations. 
It may be stated here that in other species indications may be present. 
In a  case of coccidiosis of the small intestine of a sheep seen by one of 
us many years ago,  the foci were readily detected by the unaided eye. 
They were circular, opaque, whitish, slightly elevated patches up to a 
centimeter in diameter contrasting sharply with  the  normal  pinkish 
mucosa.  The slight thickening of the patch was due to the fact that 
every epithelial cell  of the villi contained several coccidia, and  as a 
result the affected villi became giants as compared with the normal. 
It should be stated that this animal had been killed and postmortem 
changes  were absent.  With  regard  to  the  second  indication,  the 
presence  of one or more gross pathological changes, it may  be  said 
that the severest of the cases observed died in hot weather and came 
to  autopsy when postmortem changes were well under way.  Con- 
gestions and scattering punctiform hemorrhages into the mucosa were 
the most definite alterations noticed.  The diagnosis will in all cases 
depend on  the microscopic examination of the feces, or  on  sections 
of the large intestine, or on both combined. 
The  Parasite. 
The  Oocysts in  the Feces.--In  the  course  of  the  work  it  became 
evident that there were two species of coccidia infesting the calves. 
The  species  first encountered  and  present  in  large  numbers  is  dis- 
tinguished by a  small oocyst usually elliptical but occasionally ovoid 
or circular in outline.  The wall is double contoured, uniform in thick- 
ness,  and as a  rule thinner than the wall of the oocyst of the other 
species.  Oocysts were  encountered in  which  the  protoplasm  com- 
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was  contracted  to  a  circular  mass  removed  from  the  cyst  wall  or 
touching it only at one side have been encountered.  When theproto- 
plasmic mass is well contracted it is located as a  rule near the center 
of the cyst, yet it may be in contact with one side of the wall or nearer 
one  end  than  the  other.  The  cytoplasm contains  highly  refractive 
granules  varying in  size which may be uniformly or irregularly  dis- 
tributed  through  it.  The  nucleus  is  sometimes  visible.  Fifteen 
oocysts were measured from Calf E.  The length ranged from 14.6 to 
20.5  microns,  and  the  width  from  12.3  to  16.4  microns.  Eleven 
oocysts were measured from Calf 102.  The length ranged  from 13.1 
to  28.7  microns,  the  width  from  12.3  to  20.5  microns.  Ten  cysts 
were measured from Calf 121.  The length ranged  from 16.4 to 20.5 
microns, the width from 13.1 to 16.4 microns.  The average length of 
the  above  thirty-six  oocysts was  18.6  microns,  the  average  width 
14.8  microns. 
The  second  species characterized  by large  ovoid oocysts was first 
encountered in Calf 92,  dying June 6,  and  thereafter in most cases, 
either in the feces, or in fresh scrapings of the mucosa, or in sections. 
The oocyst is distinctly ovoid in shape.  Sometimes the cyst wall is 
brownish in color, at other times it is colorless.  The wall is thickest 
at  the broad pole and very gradually diminishes  in thickness  to the 
small  pole.  The  difference  at  the  two  poles  is  not  great  yet  dis- 
tinctly noticeable.  Some cysts occur, however, in which  the wall is 
uniform in thickness.  There is no evidence of a  micropyle. 
The cytoplasm as a  rule is contracted into a  circular mass located 
at the middle or in the broader portion of the cyst (Fig. 6).  It occu- 
pies two-thirds to three-fourths of the space within the wall and  comes 
almost in contact with the sides.  The cytoplasm is filled with large 
highly  refractive  granules.  The  nucleus  is  not  visible.  Thirteen 
oocysts were measured  from  Calf B.  The  length  ranged  from  25.8 
to  41.8  microns  and  the  greatest  width  from  17.2  to  24.6  microns. 
Fifteen cysts were measured  from  Calf E.  The  length  ranged  from 
28.7 to  32.8  microns,  the  width  from  16.4  to  20.5  microns.  The 
average  length  of the  above twenty-eight  oocysts was  29.9 microns 
and the average width 19.9 microns. 
Development of the Oocysts in Cultures.--In order to determine cer- 
tain points in the development of the oocysts, feces, blood, and mucus TI-IEOBALD  SMITH  AND  H.  W.  GRAYBILL  9~ 
containing  them were streaked over the surface of agar plates. 8  The 
surface of the plates was kept moist by adding from  time  to time a 
little  distilled  water.  They were kept in  a  moist  chamber  at  room 
temperature. 
In the large, ovoid species the mother sporoblast or oocyst produces 
four  spores  without  leaving  behind  a  so called  Restkb'rper.  The 
spores  are  elongated,  nearly  elliptical  in  outline,  circular  in  cross- 
section, and  taper a little  toward one end.  The spore is  surrounded 
by a  thin,  single contoured membrane  which is  thickened  to form a 
cap-shaped body at the smaller pole.  There is a  large Restk¢rper with- 
in the spore.  It is elliptical or fusiform in shape and lies against the 
wall of the spore, sometimes in a space formed between the sporozoites, 
in which case it occupies a diagonal position with respect to the spore. 
The Restk6rper contains rather large, round, highly refractive granules 
of  approximately  the  same  size. 
There  are  two sporozoites in each  spore and  these  with  the Rest- 
k6rper completely  occupy the  space  within  the  limiting  membrane. 
They are broad and rounded  at one end and  taper toward the other 
end.  The broad ends of the sporozoites are at opposite ends of the 
spore and  the  contact between the  two is marked by a  line  running 
diagonally across the spore.  The posit~on of the nucleus varies some- 
what.  It is either located nearer or in the broad end of the sporozoite. 
It appears as a small halo, enclosing a minute, round nucleolus.  The 
cytoplasm is minutely granulgr and is uniform in appearance through- 
out the sporozoite.  There is little variation in the size of the spores. 
Eight  spores were measured  in  the  cysts.  The  length ranged  from 
16.5  to 17.1 microns, and the width from 7.2 to 7.6 microns. 
In  the small  species with  ellipsoidal  oocyst four  spherical  sporo- 
blasts  form  which  become elliptical  in  outline  and  develop into  the 
spores (Figs.  2 and 3).  Thes~ are elongated, elliptical,  and, as in the 
large  species, they taper a little at one end.  The spore is circular in 
cross-section.  It is surrounded by a thin, single contoured membrane 
which is thickened into  a  minute  cap at  the  small pole.  There is no 
Restki~rper left behind in the formation of the sporoblasts.  There is no 
8 This medium consisted of 20 gin. of agar-agar,  5 gin. of sodium chloride, and 
1,000  cc. of distilled water.  The agar-agar  is cut up,  tied in  a  gauze bag,  and 
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Restk#rper in the spore.  The sporozoites are the same shape as in the 
large  species.  They  are  round  at  the  broad  end  and  taper  toward 
the other.  In one instance  the tapering end was seen to be pointed. 
In  the middle  of the  sporozoites or possibly more  frequently in  the 
large end is generally found a  rather  large,  more or less well defined 
mass  of very minute granules.  Elsewhere  the  protoplasm  is  homo- 
geneous in appearance.  The nucleus is located nearer the broad end 
and consists  of a  small,  round  granule  surrounded  by a  halo.  The 
line separating  the sporozoite runs diagonally across the spore.  The 
sporozoites  completely fill  the  spore. 
The spores, do not Vary much in size.  They are much smaller than 
those  of  the  large  species.  Seven  spores  were  measured.  The 
length ranged from 9.9 to 11 microns,  and  the width  from 5.3  to 5.7 
microns.  The  results  of  the  various  measurements  are  brought 
together  in  Table  I. 
TABLE  I. 
Oocyst.  Spore. 
Species. 
Average  length.  Average width.  __Length'  ~,;idth. 
 2 Om croo  
Ellipsoidal.  18.6  "  14.8  "  5.3-5.7  " 
Studies  to determine  the  exact time  required  at  certain favorable 
temperatures  from  the  discharge of the  oocyst to  the maturation  of 
the  sporozoites  have  not  yet  been  made.  Approximate  estimates 
based on cultures and subject to revision indicate that in midsummer 
this portion of the cycle of the ovoid type covers about 5 days.  Sim- 
ilar  estimates  indicate  a  somewhat  lon.ger  period  for  the  ellipsoidal 
type. 
Von Wasielewski  9 states that the oocysts of Eimeria  cuniculi vary in size and 
form within wide limits.  Cysts occurred the volume of which was only a fraction 
of the average size.  The ripening  of these small cysts was normal.  Similar varia- 
tions in size were encountered by him among the oocysts of Diplospora  bigemina 
from the cat's intestine.  Zfiblin likewise refers to variations in size corresponding 
fairly well with our types.  Thus in rare cases, he states, the width was 20 microns, 
9von  Wasielewski,  T.,  Studien  und  Microphotogramme  zur  Kenntnis der 
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the length 30 to 35 microns.  The largest number were roundish with a mean diam- 
eter of 12 to 15 microns.  Nothing is stated of morphological differences between 
these extremes.  It may therefore be claimed that the inference that there were 
two  species of coccidia in  the  calves is not  called for.  Pending further  inves- 
tigations it may be pointed out  that forms intermediate in both shape and size 
between  the  two  types of oocyst were  not  encountered.  The small ellipsoidal 
form was  the  numerically  predominating  type and in a  few cases the one  ex- 
clusively seen.  The presence of a RestkOrper in the large, and its absence in the 
small oocyst is noteworthy.  Seeing these two  forms  in  the  same  field Of  the 
microscope, the observer is led to the conclusion that  the burden of proof tha.t 
they are variants of the same species must rest with the one who supports such a 
view.  Anticipating somewhat,  we may state that careful study of the sections 
did not  enable us to distinguish between these species in the schizogonic cycle. 
This  may have  been  due  to  the  relative scarcity of the  larger parasite in  the 
material at  hand.  In any case the final decision will require a  study of fresh 
material on a relatively larger scale. 
Among those who have reported on the presence of coccidia in cattle, Guille- 
beau,  :°  Ziiblin,  and  Jowett::  have attempted cultures of the oocysts.  Ztiblin 
describes the development of the four spores and  eight sporozoites  as  we  have 
found  it  in  the ellipsoidal form.  But  in addition he  describes forms  as  going 
through  the  stages of schizogony in  his  cultures--forms which  may have been 
other  protozoa,  such  as  ameb~e,  or  fungi  and  of  which  we also have found 
multiplying forms  in  cultures.  Further  material will be  needed  to  determine 
whether  Zfiblin  actually  found  a  hitherto  undescribed  stage  in  fecal cultures 
or  whether  he  simply  described  stages  of  coexisting  organisms.  Jowett n 
(South Africa) describes a  case of bloody dysentery in a  calf 3  months  of age. 
The coccidia were round or subspherical.  Distinctly oval cysts were rare.  The 
smallest measured  14.4  by  12.8  microns, the largest, 27.2  by 20.8 microns.  No 
details are given except that four sporocysts form, within which sporozoites appear. 
The Parasite in the Mucous Membrane.--Owing to the fact that  the 
material  on  hand  coming  from  animals  killed was meager  and  that 
the  heaviest  invasion  occurred  in  animals  which  died  and  in  which 
postmortem  changes were  under way,  any detailed description of the 
stages  of  the  cycle  within  the  host  will  be  postponed.  The  barest 
outline  must  suffice  here. 
It may be said, however, in spite of the deficiency of material that nothing has 
been seen which suggests that the coccidia encountered depart in any significant 
way from the cycle as mapped out for such a well known coccidium as that of the ~ 
rabbit. 
10 Guillebeau, cited by Zfiblin.  4 
n .[owett,  W.,  Coccidiosis of  the  fowl and  calf, J.  Comp. Path. and Therap., 
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It is believed that the stages that have been encountered and described belong 
to the small elliptical species,  for the following reasons: first, the small species, 
as shown by the number of oocysts in the sections, occurs in very large numbers 
whereas the large species  is relatively rare; and second, no anomalies have been 
encountered leading one to believe that stages of two forms so different in size 
were being studied. 
The earliest stage observed in epithelial cells is roundish or elliptical in outline. 
The nucleus is centrally or somewhat eccentrically situated and consists of a well 
staining karyosome surrounded by a  halo usually ill defined.  However, a  halo 
is not present with all nuclei.  The cytoplasm stains lightly and is alveolar in 
structure.  The roundish forms measure about 6 microns and the elliptical ones 
$ to 6 microns long and 4 to 5 microns broad. 
Larger uninuclear forms were encountered which the evidence favored inter- 
preting as schizonts.  They are elliptical in shape or often compressed laterally 
in the epithelial cell, then presenting an oblong appearance with the sides more or 
less straight.  The cytoplasm shows the same, or approximately the same struc- 
ture as that in the multinuclear schizonts and there are no metachromatic gran- 
ules present.  These occurred in crypts where schizogony was general and where 
there was no definite evidence of sporogony.  They measure 8 to 10 microns long 
and 6 to 7 microns broad. 
Forms containing  two nuclei are circular or elliptical in outline, there is no cell 
membrane visible, the cytoplasm is alVeolar, and the nuclei  consist of a karyosome 
which may or may not be surrounded by a halo.  The elliptical forms measure 
5 to 7 microns long by 4 to 6 microns broad. 
Forms containing from three to seven, nine, and eleven nuclei have been ob- 
served but no attempt has been made to determine the number of nuclei in more 
advanced forms than these.  They are circular or elliptical in form and devoid 
of  a  cell membrane.  Some  schizonts stain more  deeply  than others  and  the 
cytoplasm appears more compact,  being almost homogeneous.  However,  as  a 
rule the  cytoplasm stains lightly and is  alveolar in structure.  The  daughter 
nuclei are located at or toward the periphery of the parasite.  Typically the nuclei 
show a dark staining karyosome surrounded by a rather ill defined halo.  In some 
instances a halo about the karyosome cannot be distinguished. 
The next stages seen are schizonts in which the cytoplasm has divided to form 
the  merozoites.  The  merozoites,  as  shown in  Fig. 5, are  elongated,  banana- 
shaped  bodies usually lying with  long axes  nearly parallel and  enclosed in  a 
vacuole of the host cell.  The nucleus is located at the middle.  The entire mass 
representing the schizont measures 9 to 11 microns.  The number of merozoites 
varies; five intact groups contained 13, 18, 18, 18, and 26 merozoites. 
The gametes are usually found among schizonts in a later  stage  of  the  para- 
sitism.  Macrogametes, microgametocytes, and oocysts may be found in the same 
tubule.  The earliest stages of the gametes it has been impossible to  distinguish 
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macrogametes, however, is more compact and stains more deeply than that of the 
schizont.  Soon the enlarging body with nucleus remaining single, the circular 
or plump oval form, and the presence of metachromatic granules give a specific 
character to the macrogametes.  There is no cell membrane.  The nucleus as a 
rule is eccentrically located.  It consists of a  karyosome surrounded by a  halo 
which in some instances is very large having a diameter of more than half that of 
the cell.  Stages from 4 to 10 microns in diameter have been studied.  Forms 6 
microns in diameter have been seen containing metachromatic granules, although 
there seems to  be some variation in the  time at  which these granules appear, 
larger forms having been seen which showed none or only very few.  The granules 
are round and vary greatly in size not only in different individuals but also in the 
same one.  They have also  exceptionally been found persisting in the oocysts 
after the cytoplasm has retracted from the enclosing wall.  In the largest macro- 
gametes a cell membrane is present and the nucleus may be indistinct. 
At a  fairly early stage the nucleus of the microgametocyte has divided and 
many coccus-like bodies which stain intensely in basic dyes are found arranged 
uniformly or irregularly at the periphery of the cytoplasm.  These nuclei of the 
future microgametes gradually change into very fine, hair-like,  slightly  wavy 
bodies which project on all sides from the  cytoplasm.  Well  advanced micro- 
gametocytes are circular or elliptical in shape.  The cytoplasm is more or less 
vacuolated and stains irregularly.  Those  of  a  circular shape  measure  7  to  9 
microns. 
The development of the shell of the oocyst takes place gradually.  The oocyst 
is first surrounded by a  very thin membrane.  Later a  somewhat thicker single 
contoured membrane is present which stains with acid stains and increases in 
thickness until the fully developed, highly refractive, double contoured cyst wall 
is formed.  When the enclosed cytoplasm has retracted from the cyst wall it is seen 
to be still surrounded by a delicate membrane.  Various conditions of the oocysts 
are found in the epithelial cells, in the lumen of tubules, or in the midst of  dis- 
lodged epithelial cells.  The wall is often crumpled.  The cytoplasm may com- 
pletely fill the space within the cyst wall, may be slightly retracted from it, or 
may be contracted to a spherical mass occupying approximately a  central posi- 
tion.  The cytoplasm is most often dense and presents a  minutely granular ap- 
pearance,  but  in  some  instances it  is  alveolar  in  structure.  Metachromatic 
granules are sometimes present in the peripheral portion of the cytoplasm.  The 
nuc]eus as a  rule stains well and uniformly. 
The parasite acts on the host cell by absorbing its nutrient fluids and encroach- 
ing on the cytoplasm.  There is, however, no change in the cytoplasm immediately 
surrounding the parasite, leading one to believe that the parasite does not exert a 
digestive or coagulative influence on it.  In rare instances the parasite is sur- 
rounded entirely or in part by a clear space, but this has come about through a 
shrinking of the parasite.  This condition is rare in material studied from calves 
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that died, in which the tissues were subjected to postmortem changes, it is common, 
and the smaller size of the schizonts and the compact  condition  of their proto- 
plasm indicate that it has been brought about by shrinkage. 
The nucleus of the host cell may not show any changes at first.  Later its 
affinity for stains may be reduced or almost completely  destroyed, and the chro- 
matic masses may be reduced in number or disappear  entirely.  When a parasite 
lies contiguous to the nucleus, even though it is an early stage occupying only a 
small  fraction of the cell, the nucleus  is compressed and may even  present  a 
crescentic form. 
_Pathology.--The seat of the disease in the calv'es was the large in- 
testine.  In the small intestine scattering tubules were found invaded 
by one or a few parasites, rarely by many, even when the large intes- 
fine  was  severely  ~_nvolved.  The  forms  encountered were  oftener 
gametes  than  schizonts.  In  some  tubules  both  sexual  and  asexual 
stages  were  intermingled. 
In the large intestine the infection appeared at first in circumscribed 
foci.  These foci tend to grow larger and in some cases coalesce with 
one  another.  Usually a  given  stage,  such  as  schizogony, prevailed 
in a focus.  Later both sexual and asexual forms were found together. 
In  the  same  tubule  may  then  be  found  fully  developed  merozo- 
ites, macrogametes,  microgametocytes,  and  oocysts.  The  fertilized 
oocysts  are  probably  discharged  very  promptly,  for  they  are  not 
abundant in the tubules.  While schizog0ny is going on, oocysts may 
be discharged in large numbers in the feces.  This was seen in Calf 
121. 
Not  infrequently there  may be  seen  between  tubules  thoroughly 
infected  with  schizogonic  forms,  scattering  empty  shells  of  oocysts 
which are embedded in the intertubular tissue.  They are not carried 
there by manipulations, such as section-cutting,  since some of them 
are within phagocytic cells.  These shells represent aberrant parasites 
which have migrated through the epithelium, have gone through the 
various stages,  and  cannot be discharged  outward.  These aberrant 
cysts are relatively rare but wherever they occur in association with 
active schizogony in the tubular epithelium they prove that the disease 
started in an earlier invasion and that the present schizogony is either 
the  result  of fresh  infection or  else  it  represents  a  schizogony  con- 
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The  topography of the invasion  and  the  stages  found in a focus 
give us  a  tentative  explanation  of the  way in  which  the  infection 
spreads.  A  sporozoite entering a  tubule of the large intestine pro- 
duces about sixteen merozoites which are discharged into the tubule 
and which infect the neighboring cells.  These produce each sixteen 
merozoites  which  spread  to  neighboring  tubules  centrifugally.  If 
the invasion is heavy and a  large number of foci started, these may 
coalesce and form large patches.  When the multiplication has gone 
on  for  a  time  the  cycles intermingle and  various  stages,  as  stated 
above, will be found in the same focus. 
The relative immunity of the small intestine as compared with the 
large  intestine  merits  attention.  In  rabbits  and  birds  (sparrows, 
hens,  turkeys,  and  pheasants)  the principal  seat  of invasion  is  the 
small  intestine,  and  only  secondarily  the  large  intestine  and  ceca. 
Evidently  the  conditions  in  the  small  intestine  are  unfavorable 
in calves.  Whether the difficulty is mechanical or physiological, that 
is,  clue to the active movements of the tube or to the digestive fer- 
ments, remains to be determined. 
A more interesting problem in immunity is the self-limitation of the 
disease in a number of cases and the apparently complete immunity of 
some calves penned with the severe cases.  On  page  106  are  given 
brief notes of certain calves which had bloody evacuations associated 
with large masses of oocysts and which recovered completely.  Other 
calves associated with them remained unaffected and samples of feces 
concentrated before examination by washing and sedimentation did 
not reveal any coccidia.  It is conceivable that schizogony is  a  self- 
limited process.  If this is true, immunity would play no important 
part and the extent of the disease would depend upon the size  of the 
infecting dose.  Inasmuch as acquired immunity does play a  certain 
part in the diseases due to protozoa living free in  the blood and in 
blood  cells,  it  cannot  be  at  present  ignored  for  coccidiosis.  For 
practical purposes the infecting dose should be kept as small as pos- 
sible, if it cannot be entirely eliminated, until its relation to the sever- 
ity of the resulting disease has been more definitely formulated. 
The injuries to the host caused by coc~diosls refer to changes in the 
mucous  membrane  directly  affected  and  to  remoter, more indirect 
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cells in the early stages are insignificant.  The host cells retain theiI 
normal appearances, except as to size, and  inflammatory reactions are 
absent.  When the parasites have become widely diffused and occupy 
most of the cells, a number of changes are evident.  Under a low power 
the  tubules  are  no  longer  normal  in  form.  Some  appear  missing. 
Under a high power the missing tubules are accounted for by the fact 
that most if not all of the epithelium has disappeared and the lumen 
is filled with cell elements chiefly pblynuclears.  Owing to the absence 
of a  surface epithelium in the material available it is not clear that this 
epithelium  has  been  invaded,  but  the  presence  of  cell  parasites  in 
tubules up to the  surface makes it probable that  it also is attacked 
sooner or later.  The loss of surface epithelium accounts for the small 
masses of leukocytes and fibrin and red blood corpuscles which cling 
to  the  denuded  surface  in  places  and  represent  a'n  exudation  and 
also  the  source of  the  hemorrhages  (Fig.  7).  These  masses  have 
embedded  in  them  many  oocysts.  The  hemorrhage  is  thus  the 
aggregate  of many  small hemorrhages  from  the  capillaries  near  the 
surface  and  this  explains  why the source of the blood is not macro- 
scopically evident  at  autopsy. 
A further lesion found in the advanced cases is a  complete necrosis 
of a limited territory of the mucosa which involves up to ten or more 
tubules.  In this focus cell nuclei have either completely disappeared 
or are broken up into fragments  or pyknotic.  The cytoplasm  takes 
a distinctly reddish tint with eosin. 
The more remote disturbances due to intestinal  coccidiosis may be 
looked  upon  as  due  to  infectious  agents  gaining  entrance  into  the 
lymph  and  blood  vessels  of  the  denuded  and  only  feebly  reacting 
mucosa.  Owing to the  frequent  association of pneumonia  with  the 
cases studied, injuries other than local are not definitely ascertainable. 
The  pneumonia  with  one  exception  was  associated  with  a  micro- 
organism  to be discussed at another  time as the  probable etiological 
factor.  In  the  exceptional case  the  pneurnonic  lesions  were  asso- 
ciated with streptococci and staphylococci.  Of the five cases in which 
large  numbers  of  coccidia were  found  either  in  the  feces  or  in  the 
epithelium of the large intestine or in both, probably three  died  as  a 
result  of  the  coccidiosis.  Further  studies  upon  calves  kept  under 
careful  clinical  observation will  be needed  to  properly  evaluate  the 
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Brief Notes on Individual Cases. 
Calf 34.--Red and white, female.  Born. Feb. 23,  1917. 
Mar.  28.  Coughing  considerably.  Reported  to  have  had  diarrhea  several 
days ago.  Mar.  30.  Temperature 40°C.  Apr. 6.  Thin and languid.  Cough 
and  dyspnea.  Feces  liquid,  of  a  greenish  yellow color.  Abdomen  distended. 
Apr.  10.  Temperature  40°C.  Skin  dry;  hair  roughened.  Yellowish  muc.ous 
discharge from nose.  Discharges watery, with mucus tinged with blood.  Apr. 12. 
Temperature  39.8°C.  Growing  thinner.  Coughing  readily  induced.  Fecal 
discharges are soft and contain clots of blood.  Apr. 13.  Blood passed in feces. 
Apr. 14.  Killed and autopsied.  Weight 80 to90 pounds.  Besides consolidation 
of the cephalic half of lungs which will be discussed more fully at another time, 
there were no noteworthy lesions.  The large intestine contained a rather offensive 
pea soup-like fluid and  the  flask-shaped glands below the ileocecal valve were 
distended with whitish mucus-like masses, but no lesions were detected to account 
for the blood passed in  stools. 
Histological examination of pieces of tissue from the small and large intestines 
fixed in Zenker's fluid and alcohol showed the following: At various levels of the 
small intestine a  few coccidia are detected.  They occur in groups.  One to four 
may be seen in a  tubule among many tubules not invaded.  The distal portions 
of the villi appear to be free.  The parasites are mostly in the sporont stage, as 
macrogametes, microgametocytes, and oocysts.  The oocysts measure 20  to  22 
microns long and  12  to  14  microns broad.  A  small number of tubules contain 
]#ukocytes both neutrophil and acidophil. 
In sections from four different regions of the large intestine one focus was found 
within which the epithelial cells of the tubules were nearly all invaded by schizonts 
(Fig. 4).  In intertubular tissue several empty oocyst shells were found. 
Calf 36.--Red and white, female.  Born Feb. 21,  1917. 
Attention was first drawn  to  this case on Apr.  12  when  it was noticed that 
large  amounts  of  blood  had  been  passed  per  rectum.  Temperature  39.3°C. 
Apr. 13.  Blood still present in feces and staining the anal region, tail, and legs. 
Temperature 39°C.  Apr. 15.  Calf reported very sick by attendant last evening. 
Found dead this morning. 
The  autopsy  was  not  made  until  early,  Apr.  16.  The  adipose  tissue  was 
abundant.  The  only  recognizable lesions were  localized congestion  associated 
with punctiform hemorrhages in the lower small intestine, and similar but faded 
hemorrhages in  the large intestine.  Unfortunately, only one piece of the large 
and of the small intestine was saved for microscopic examination. 
In the section of the small intestine every third or fourth tubule contained one 
to several oocysts; gametes were less numerous and schizonts scarce.  The meas- 
urements  indicate that  elliptical coccidia are present.  In  the  section of large 
intestine every tubule is invaded with coccidia chiefly in the stage of schizonts. 
A few oocysts are, however, present.  Sections of the various viscera were negative. 104  COCCIDIOSIS  IN  CALVES 
Calf49.--Red and white, female.  Born Mar. 27, 1917. 
Attendant called attention to this case stating that the animal had had diarrhea 
and blood in the discharges beginning Apr. 26, and that on Apr. 30 large amounts 
had been passed.  On this date feces were watery and stained with blood.  Tenes° 
mus.  Calf active and in good flesh.  Salivation.  Temperature 39.4°C.  May 1. 
Temperature  38.4°C.  Fecal  blood  still  in  evidence.  Diarrhea  diminished. 
Tenesmusincreased.  Slight salivation.  CalffounddeadinthemorningofMay3. 
The  changes found at  autopsy  are briefly as follows: Mucosa of duodenum 
and  upper  jejunum  sprinkled  with  punctiform  hemorrhages  aggregated  into 
patches.  Lower down there are uniformly and deeply congested patches.  Mod- 
erate congestion of large intestine, except in lowest portion of rectum where it is 
more intense.  The  cephalic half of both  lungs is sprinkled over with  dark  to 
bright  red  lobules  interspersed  among  air-containing tissue.  When  the  lobes 
are incised the central portions are found largely hepatized, the involved tissues 
showing  dark  red  and  lighter areas intermingled.  Small whitish  sclerotic loci 
permeating cortex of both kidneys. 
Microscopic examination of fixed and hardened tissues shows loci of coccidia. 
These are minute and the number of parasites is not large.  The prevailing forms 
are  macrogametes,  microgametocytes,  and  oocysts.  These  are  of  the  smaller 
elliptical type.  The infection varies greatly in intensity. 
Sections from  certain regions involving the  entire circumference of the  tube 
contain but a  few parasites.  In one section fifteen oocysts blocked one tubule. 
In other tubules nearby the lumen was full of debris including empty, collapsed 
oocysts and among them leukocytes.  Only a  few schizonts were detected. 
In  the  large intestine  (only one  piece of tissue  was  available) every  tubule 
contains fully formed masses of merozoites, which greatly predominate over the 
gametes in numbers. 
The cause of death in this case was probably the septic pneumonia from which 
streptococci and staphylococci were isolated.  The significance of the coccidiosis 
remains in  doubt  because only one  small area of the large intestine had  been 
preserved. 
Calf 92.--Red and white,  female; weight about  110  pounds.  Born Apr.  24, 
1917,  found  dead June  6. 
The  attendant reported that  the  calf had  received some  antidiarrhea serum 
soon after birth.  Diarrhea, ho~vever,  appeared for several weeks intermittently. 
June 4.  Depression and loss of appetite were first noticed. 
The autopsy, June 6, showed considerable postmortem changes.  In the small 
intestine were localized congested areas.  In the large intestine the mucosa had a 
dull, opaque appearance.  Other organs appeared normal. 
Microscopic examination of four different levels of the small intestine showed in 
each  level  scattering  coccidia  including  schizonts,  gametes,  and  oocysts.  In 
three levels of the large intestine all epithelium still in situ was invaded.  Thus in 
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Oocysts were  also present' and  indiscriminately scattered among  the  schizonts. 
In the third region oocysts predominated and some tubules were packed with the 
liberated forms.  In this case the large ovoid oocyst was seen for the first time, 
and associated with the smaller elliptical  form (Fig. 6). 
Calf lO2.--Holstein, female.  Born Apr.  15,  1917. 
May 1.  Symptoms of pneumonia first appear.  June 26.  Emaciated; staring 
coat.  Temperature 39.5°C.  Cough, dyspnea, and slight nasal discharge.  Fecal 
discharges normal.  June  28.  Killed.  Calf weighs 100  to  120  pounds. 
The  autopsy  shows  extensive consolidation of lungs.  Cephalic  and  ventral 
lobes symmetrically involved.  Whitish, lardaceous loci in cortex of both kidneys. 
The digestive tract showed  the following abnormalities: In the fourth stomach 
two erosions about 3 cm. in diameter covered with adherent thin, greenish-stained 
exudation.  Some point-like hemorrhages in ileocecal valve and rectum.  Oocysts 
of the smaller ellipsoidal  type found in considerable numbers in feces pressed from 
rectum.  In snippings from the fresh intestine none were detected. 
In sections of the small intestine none were seen.  In those of the large intestine 
a  few  gametes present in surface epithelium and several oocysts in phagocytes 
in  intertubular  tissue  of  mucosa.  The  cysts  are  partly  collapsed.  Evidently 
the process was nearly over. 
Calf 121.--Red  and white, female.  Born June  25,  1917,  found dead July 31. 
The following details were obtained.  The calf had lost most of its coat of hair at 
the  time  of death.  The  falling out of hair began  early in  July and was  pro- 
gressive in character.  The animal had suffered from diarrhea intermittently but 
there was no  evidence of blood-passing. 
Body weighs about 70 pounds.  Markedly emaciated.  Skin almost free from 
hair;  dry  and  harsh.  Some  ecchymoses and  extravasations in  subcutis.  Gas 
blebs in axilla.  Hair-balls embedded in large quantity of clear, viscid mucus in 
fourth stomach.  Congestion of mucosa  with scattering petechi~e.  Throughout 
the  small intestine small sharply defined hemorrhages  more  or  less  uniformly 
distributed.  The  large  intestine  showed  nothing  noteworthy.  Consolidation 
of the ventral and the distal portion of cephalic 10be of the right lung with filling 
up  of  the  air  tubes of  affected lobes with  mucopurulent molds.  Feces  taken 
from rectum contained large numbers of oocysts of the ellipsoidal type. 
Sections  from  six  different  levels  of  small  intestine  contained  no  coccidia. 
In the large intestine complete transections of the tube in three different regions 
revealed  extensive  invasion  with  coccidia.  In  one  section  every  tubule  .was 
involved.  The parasites were chiefly in the stage of asexual multiplication with a 
fair number  of gametes  and  oocysts in  the  tubules.  Many  of the  latter were 
packed  with  necrotic  cells.  In  one  tubule  could  be  seen  merozoites,  oocysts, 
macro- and  microgametocytes.  In  a  second cross-section one  large focus  was 
found,  the  remainder  of  the  tubules  being  filled with  mucus-secreting  cells. 
In the invaded area there were chiefly merozoites with a  fair number of micro- 
gametocytes.  The third section contained three foci of invasion in which each 
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and death in this calf were probably due to the extensive invasion of the large 
intestine. 
Calf 139.--Guernsey,  female.  Born  Aug.  15,  1917. 
Sept.  25.  Cough  first noticed.  Sept.  28.  Temperature 41°C.  Feces  soft, 
approaching  diarrhea.  Oct.  2.  Removed  from  herd  and  killed  because  of 
physical signs of pneumonia. 
At autopsy there was found symmetrical consolidation of the cephalic half of 
both lungs.  The mucosa of small intestine was more or less congested throughout. 
Below the valve in the large intestine the patch of flask-shaped glands is deeply 
congested.  Yellowish,  soft,  cheesy  plugs  fill the  lumina  of  glands.  Through 
remainder of colon scattering, point-like hemorrhages.  In rectum congestion well 
marked.  Fresh clippings of mucosa taken from valve to rectum show presence of 
large, ovoid oocysts in  all preparations.  In  sections of  fixed  tissue,  however, 
only a few oocysts found and these in intertubular tissue.  Evidently the process 
had  run  its course. 
Calf 184.--Red and white, female.  Born Oct. 1, 1917. 
Between Oct. 20 and 23 temperature fluctuated between 40  ° and 41°C.  Oct. 23. 
Blood in feces, but coccidia not  found  among blood cells.  Tenesmus.  Dec.  5. 
Calf found  dead.  Probably B. coli septicemia.  In  feces  from  rectum  and  in 
sn'ppings from mucosa of  large  intestine near  valve a  few  large ovoid oocysts 
found.  In  sections  from  various  levels of  the  small intestine  a  few  gametes 
were detected. 
Recovery  from  coccidiosis is  illustrated  by  the  following  cases. 
Calf A.--Born July 12,  1917.  When 32 days old, on Aug. 13, blood appeared 
in  the  discharges associated with  large numbers  o£  oocysts.  Aug.  22.  Feces 
were again examined and one oocyst was found.  Subsequent history uneventful. 
The calf was normal in size in Jan.,  1918. 
Calf B.--On Aug. 15,  1917,  when the calf was 39 days old, blood appeared in 
feces.  A considerable number of large ovoid and a few smaller elliptical oocysts 
were  found.  Jan. 17, !918.  This calf is in normal condition as regards weight. 
Calf C.--Aug. 15,  1917.  32 days old.  Several oocysts found.  Jan. 31, 1918. 
Of normal size. 
CalfD.--Born Aug. 11, 1917.  Sept. 4.  One oocyst was found in feces.  This 
calf was not affected clinically.  Jan. 31, 1918.  Of normal weight. 
Calf E.--Black and  white,  female.  Born  Sept.  5,  1917.  Oct.  3.  Diarrhea 
started.  Oct.  5.  Feces of  a  penetrating  putrefactive odor,  containing  blood. 
Microscopic examination shows in the blood clot many ovoid as well as elliptical 
oocysts.  Jan. 17, 1018.  Calf in very good condition. 
Calf F.--Yellow and white, female.  Born Sept. 5,  1917.  Oct.  8.  Diarrhea 
and blood in stools noticed.  Tenesmus.  In the feces containing many red cor- 
puscles are  large numbers  of  elliptical oocysts.  Jan.  17,  !918.  Calf in  very 
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In  addition to  the  cases  recorded  there  were  seven  other  calves 
whose  feces  were  subjected  to  examination  with  negative  result. 
Some  of these were  suffering from diarrhea, others not.  This  fact 
is  of  interest  since  these  calves  had  been  in  the  same  yard  with 
cases  of coccidiosis.  It is,  of course,  not improbable  that repeated 
examination might have shown coccidia in all cases. 
SUMMARY. 
Discharges of blood per rectum, associated with oocysts of coccidia, 
were  observed  occurring in young calves during the warmer  season 
of the year.  In a  small percentage of the cases death was probably 
due directly to the coccidiosis.  Although the disease, known as red 
dysentery in Switzerland, may have existed in this country for some 
time, there seems to have been no knowledge of its existence and no 
reports of it have thus far been published.  The coccidia have been 
artificially cultivated and shown to produce four spores.  Two oocysts 
of quite different dimensions and having minor differential characters 
were encountered in the same animal in several instances. 
The  invasion of the  epithelium of the  small intestine was  slight. 
The chief seat of the parasitism was the large intestine.  The lesions 
following the loss of epithelium were superficial hemorrhages and fill- 
ing up of the denuded tubules with polymorphonuclear leukocytes. 
Addendum.--During 1918, up to May 31,  only one case of bloody 
dysentery was  observed in the  same herd.  This occurred in  a  calf 
over  11  months  old.  The  coccidia found in  the  feces were  of the 
smaller elliptical type.  The symptoms rapidly disappeared. 
The  clinical  data  in  this  communication were  gathered  by  Dr. 
Ralph  B.  Little. 
EXPLANATION OF PLATES. 
PLATE 1. 
FIG. 1. Blood  in feces from a calf which subsequently recovered.  The oocysts 
as contained in the fresh  blood clot.  × 300. 
FIGS. 2 and 3.  Oocysts of the smaller coccidium from a culture showing the 
presence of four sporoblasts.  Photograph retouched. 108  COCCIDIOSIS IN  CALVES 
PLATE 2. 
FIG. 4.  A tubule from the upper colon of Calf 34 fixed in Zenker's fluid.  Almost 
every cell contains one to three parasites.  They are indistinctly seen between 
cell nucleus and free margin of the epithelial celt.  The accentua~  ed small spheres 
within the parasites are nuclei of future merozoites (trophozoites).  ×  750. 
FIG. 5.  A tubule from the same focus of the colon of Calf 34 as that shown in 
FIG. 4.  In this tubule the schizonts have broken up into groups of merozoites. 
The outline of the tubule is no longer recognizable.  ×  750. 
PLATE 3. 
FIG. 6.  Large intestine of Calf 92.  A large and a small oocyst in the same field. 
The smaller one is clearly located in a  tubule, the large one in the intertubular 
tissue.  It is not improbable that in this instance owing to the toughness of the 
shell it may have been dislocated in cutting or mounting the section.  ×  750. 
FIG. 7.  Large intestine of Calf 121.  Note a  mass of exudate adhering to the 
mucous membrane.  The mass, made up of fibrin, blood corpuscles, leukocytes, 
and mucus, contains the ellipsoidal oocysts.  The tubular epithelium is largely 
destroyed and the tubules are filled with polynuclear cells.  ×  90. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  XXVlll,  PLATE  1. 
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